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Abstract
We report new bounds on electromagnetic properties of the muon neutrino obtained from a study of neutrino-electron
scattering. The results are based on the analysis of differential cross section data collected with the CHARM II detector.
The 90% C.L. limit on the magnetic moment of the muon-neutrino 






confirms limits obtained at








< 6:0  10
 33cm2
improves earlier results by nearly a factor three.
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Introduction
Since the postulation of the neutrino by Pauli in 1930, its intrinsic properties have been
a matter of constant interest. In recent years they became of particular interest as a possible
solution of the solar neutrino problem [1, 2].
Although in the framework of the Standard Model, neutrinos are assumed to be electrically
neutral, electromagnetic properties of the neutrino are discussed in many gauge theories beyond
the Standard Model. Electromagnetic properties of the neutrino may manifest themselves as
well in a magnetic moment of the neutrino as in a non vanishing charge radius, both making
the neutrino subject to the electromagnetic interaction. Since the electromagnetic cross section
is orders of magnitude larger than the weak cross section already very small values of an
electromagnetic property could lead to observable effects. In neutrino-electron scattering they
would appear as deviations from purely electroweak processes.
In this paper we report on a new search and on limits obtained from data taken with
the CHARM II detector. The detector was described in detail earlier [3, 4]. It was operated
during five years in the CERN SPS wide band neutrino and antineutrino beams with an average
neutrino energy of about 20 GeV [3, 5]. The contamination of electron-neutrinos in the muon-
(anti-)neutrino beam is only 1% and can safely be neglected for this analysis. More than 5000
neutrino-electron scattering events have been detected and analyzed the with main emphasis on
the determination of electroweak parameters. Final results have been published recently [6].
Theoretical Framework









































are the vector and axial-vector couplings of the electron to the Z0, respectively. Kinematics
is constraining the scattering angle 
e








is a powerful tool to discriminate neutrino-electron scattering from the background [5].
Since the existence of a magnetic moment requires the presence of left- and right-handed
neutrino states a magnetic moment of the neutrino is forbidden in the Standard Model. Evidence
for a magnetic moment would therefore signal new physics. The simplest extension of the





























is the Bohr magneton. Different models including additional physics, predict
different values, as large as 10 10
B
[1].
A neutrino-electron scattering process via a magnetic moment changes the helicity of





















where y is defined as above. The expression is not divergent because of a lower kinematic bound
of the electron energy. The integral cross-section  rises only logarithmically with the neutrino
energy, while the electroweak cross section rises linearly withE

. Therefore, it is advantageous
to perform experiments searching for a magnetic moment of the neutrino at low neutrino energy.
A low kinematic bound on the electron recoil energy improves the experimental sensitivity. In
this experiment electrons with energy above 3 GeV were selected, corresponding to an effective
cut at y  0:15.
1
A non-zero charge radius of the neutrino, on the other hand, does not change the neutrino
helicity and a term is therefore added coherently to the electroweak cross-section. It is expected
that higher order electroweak vertex corrections do introduce a charge radius, with a magnitude




Here we define the charge radius, as it has been done in previous experiments [9, 10], as
the derivative of the electromagnetic form factor
hr
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: Both, positive and negative values of the
charge radius are allowed. Here it has to be noted, that an alternative definition of the form factor
f [11] leads to values of the charge radius twice as large as with our definition.
An anomalous charge radius hr2ianom has the effect of modifying the vector part of the
















Limits for the charge radius can be obtained by comparing the value of sin2  obtained from
neutrino-electron scattering to those obtained from processes involving no neutrinos in the
interaction.
Of course, effects owing to the magnetic moment and to the charge radius are not exclusive
and make combined contributions to the neutrino-electron scattering amplitudes. This has to be
taken into account in an experimental analysis. Throughout this paper we assumed the equality
of electromagnetic properties for neutrinos and anti-neutrinos.
Analysis procedure
In this paper we followed the analysis procedure which was described in more detail before
[5]. The measurement of the differential cross sections of neutrino-electron scattering in a muon-
neutrino and muon-anti-neutrinobeam, respectively, enabled us to determine simultaneously two
independent quantities. In this analysis we determined the electroweak mixing angle sin2  and













to the data. Compared to the fit presented in [6, 5] we added the
modelled distributions for a possible magnetic moment of the neutrino according to equation
(3). Using differential distributions the difference of the y-distributions of the electroweak and
of the electromagnetic interactions can be discriminated.

















The correlation of the electroweak mixing angle with the magnetic moment is found to be 1.5%
and can therefore be neglected.
The systematic error is dominated by the uncertainty in the neutrino flux measurement
(+0:6
 1:1
). Smaller contributions come from the uncertainty of the energy scale and of the energy
resolution (+0:4
 0:6
) and from the uncertainty of the background (0:3). Adding statistical and
systematical errors in quadrature the result is compatible with zero magnetic moment of the








For the electroweak mixing angle we found, in agreement with our result in [6]:
sin
2
 = 0:2324  0:0062(stat.)  0:0059(syst.) (8)
2
For the detailed analysis of the systematic error we refer to [6]. From this value we extract
a measurement of the neutrino charge radius by comparing it to the value of the electroweak
mixing angle obtained in e+e  collisions at theZ0-resonance [12], sin2lept
eff
= 0:23240:0005.
As was shown by several authors [13], the Standard Model predicts near equality of these two
effective values, owing to the cancelation of higher order effects: electroweak vertex corrections
contributing to the charge radius of the neutrino have the same order of magnitude but opposite
sign than contributions from ( Z)-mixing. A difference between the two effective values can
thus, at the present level of sensitivity be interpreted as an effect of an anomalous charge radius
of the neutrino.
From that comparison we obtained, using eq. (5)
 = 2:38  10
30cm 2hr2ianom  0:001  0:009 (9)








 = (0:4  3:7)  10
 33cm2 (10)








 < 6:0  10
 33cm2 (90 % C.L.) (11)
Conclusions
In summary, we have determined for the first time simultaneously, bounds on the magnetic
moment and the anomalous charge radius of the muon-neutrino. The limit on the anomalous
charge radius establishes the best result in this domain, improving earlier results by nearly a
factor of three [9], and probes substructure of the neutrino down to jrj < 7:7  10 17 cm (at
90% C.L.). This result is of the same order as a charge radius arising from electroweak higher
order corrections. The bound on the magnetic moment of the muon-neutrino confirms slightly
better results obtained at much lower energies [9, 10].
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